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The existence o f a parallel e lectric  f ie ld  has created considerable in terest in VLF  
w ave  propagation  and em ission studies. The acoustic  w ave  am p lifica tio n  at 
m icro w ave  frequencies  in the presence o f both  m agnetostatic  fie ld  and e lec tro s ta tic  
f ie ld  has been exam ined by Eers and Brueck (1 9 6 8 ) . H sieh (1 9 6 7 , 1 9 6 8 a , b ) has 
investig a ted  the e ffec t o f lo n g itu d in a l as w e ll as transverse e lec tric  f ie ld  on the  
propagation  o f w h is tle r m ode w aves  in the ionosphere by d iffe ren t techn ique. The  
cyclotron resonance b etw een  c irc u la rly  polarized  e lectrom agnetic  w aves  and 
energetic  charged p artic les  is one o f th e  dom inant energy exchange processes in the  
m agnetosphere. For an iso trop ic  plasm a d is tr ib u tio n , th e  energy transfer leads to  the  
am p lifica tio n  o f s ignals over a broad band o f frequencies. C o rn w a ll and S chulz  
(1 9 7 1 ) d iscussed th e  e lectrom agnetic  ion -cyc lo tron  in s ta b ility  in th e  presence o f  
cold  plasm a and gave analytical expressions fo r the g ro w th  rates as a fu n ctio n  o f 
w a v e  frequency to. Further ion cyc lo tron  e lectrom agnetic  in s tab ility  in th e  presence 
o f w a rm  and cold plasm a w a s  s tu d ied  in d e ta il by Cuperm an et al (1 9 7 5 ) .
In  present com m unication , th e  e ffec t o f parallel e lec tro s ta tic  fie ld  on the  
am p lifica tio n  o f ion cyclotron e lectrom agnetic  w ave  propagating along the m agnetic  
fie ld  in an an iso trop ic  M a x w e llia n  w eak ly  ionized m agnetoplasm a has been  
stu d ied . The expression for th e  g ro w th  rate for tem perature anisotropy and e lectric  
fie ld  o f th e  order o f fe w  m illiv o lts  per m etre in co llis ion -less  M a x w e llia n  plasm a has  
been derived  w h ic h  becom es s im ila r to  th e  expression o f Kennel and Petschek (1 9 6 6 )  
in absence o f app lied  e lec tric  fie ld . Tha  g ro w th  rates by using plasm a param eters  
sim ilar to  those observed in th e  equatoria l magnetosphere at 6 .6  have been 
com puted and resu lts  have been discussed.
The applied  e lec tric  f ie ld  £„ parallel to  m agnetic  fie ld  B,, has th e  effect to  m o d ify  
the partic les  th erm al v e lo c ity  in th a t d irection  from  to  th e  com plex value  
w h ic h  is eq u iva len t to  say th a t th e  tem perature T» in th e  d irection  o f m agnetic  fie ld
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m odifies to  th e  com plex tem perature Tfc (P ines and Schrieffer 1961 , Bers and  
Brueck 1 9 6 8 ) as
T ,o = T ,(1  +  « i£ „ /k K T ,) (1)
w h ere  q is the charge o f th e  partic les, k is th e  w ave number and K is th e  B oltzm ann  
constant. A fte r includ ing  th e  effect o f parallel e lectric  fie ld , the dispersion  
re lation  is w r itte n  in term s o f th e  Fried and C onte  Plasma dispersion function  as
-  k*c® — (w, z ( f ) + A ( i + f Z ( a ) ] (2)
w h ere
a T
- 1 -  7 ^ -  1
( t - f )7T ‘~<T 1
1
( W - W H )
This  eq uation  fo r th e  im aginary part o f th e  frequency, determ ines the g ro w th  or 
dam ping of th e  w ave  for a given set o f plasm a param eters. In above eqs, m is the  
w ave  frequency, a>n is the ion cyclo tron  frequency and cu„ stands for plasma 
frequency.
In  o rder to  obta in  th e  expression for the g ro w th  rate y ,  th e  d i ^ r s i o n  relation
(2 )  has been solved by using th e  asym ptotic  expansion o f d ispersion fu n ctio n  Z ( f )  
w ith  th e  fo llo w in g  assum ptions
1 ^ 1 ^  1, Im aginary ( f )  Real ( f )
and c *k V « '*  >  1 w h ich  can be expressed as
Z ( f ) - i 7 r ^ e x p ( - ^ “) - ^ ^ ( l + 2 ^ , )  (3 )
and substitu ting  in to  dispersion re lation  (2 ) for c®k®/<D® ^  1, the expression 
reduces to
w h ere
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Eq. (4 )  can be w r itte n  in the form  
D =  R ,(D ) +  i L ( D ) - 0




The real part o f th e  d ispersion re la tio n  (4 )  fo r n e g lig ib ly  sm all va lue  o f Y g ives  
rise to
X
1 - X "  $ (7 )
w here ^ — M ofoKTa/B“ , is th e  perm eab ility  o f free space. The expression for 
th e  g ro w th  rate, y is fo u nd  to  be
)
_ V “ “ 1 .ptttW ))  ¥1 +2''*’ (’ +*’ '«y =  -
Y (8)
w hen  £„ 0  th e  expression for g ro w th  rate y reduces to  th a t o f Kennel and Petschek
(1 9 6 6 )
(9)
The plasm a param eters used in th is  paper h ave been chosen from  th e  m egneto- 
spheric co nd itio n s  a t g eosta tic  e q u a to ria l a lt itu d e  (W illia m s  1 9 7 0 ) and the  
value o f th e  e lec tric  fie ld  have been taken  from  M cC orm ac (1 9 7 1 ) as )3—0 .5  and 
£„ <  2 0  m V m a t 6 .6  Rj. w h ere  Rjj is th e  earth  ra d ii. In F igure 1, varia tio n  o f the  
g ro w th  rate y V*<^(- k<»^«»>H) has been sh ow n  fo r various values o f paralle l e lec tro ­
static  fie ld s  £o and tem perature an iso tropy 5  for fu lly  ionized hydrogen plasma 
at L =  6 .6  Re - It  is noted  th a t th e  e ffec t o f th e  e lec tric  f ie ld  on g ro w th  rate is to  
enhance th e  range o f ^  |  values for a g iven  tem perature anisotropy (A ( -T^^/
T c - 1 )  to  lo w e r lim its  or to w a rd s  lo w e r w avelengths. The v a ria tio n  in g ro w th  
rate w ith  respect to  tem perature an isotropy fo r various values o f e lec tric  fie ld  a t
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(|) ( KMx/ctf^) —
Figure I. The variation of gro>Nth rate i- with <f> ( ^ )  different values of 5„ 
A ( l i  - l ) = 5 a t t  -6.6 R„.
Figure 2. The variation of growth rate 7 with A  for different values of
£„. ^ (^ )= 0 .6 5  at 1 = 6.6 R,.
^ = 0 . 5 5  has been show n in F igure 2 . A s the tem perature anisotropy increases, the  
g ro w th  rate also increases and the effect o f electric fie ld  m inim izes w hen A 
approaches to  the m axim um  value. In  F igure 3 , variation  o f y  vs Eq has been 
p lo tted . Ion cyclotron electrom agnetic w aves propagating through th e  region o f 
parallel ( *  |1 £ „ )  or perpendicular (A ±  £ „ )  d .c. e lectrostatic  fie ld  may be am plified  
o r dam ped.
C o rn w all et al (1 9 7 0 ) firs t pointed out th a t the sudden decrease in resonant 
energy at th e  plasmapause should lead to  w ave g ro w th , greatly  enhanced p itch
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Figures. The variation of growth rate 7 with E„ for different values of 
A l) , *  (^*) = 0.55 a tt-6 .6R „.
angle scattering and rapid decay o f ring currents. In  subsequent reports associated  
theories w ere  developed to  relate the presumed ion cyclotron turbulence a t the  
plasmapause to  stable auroral red arc generation and form ation  o f an electron slot 
(C o ro n iti 1 9 7 3 ). These predictions are in good agreem ent w ith  some energetic  
partic le  observed from  Explorer 4 5  in the sense th a t during the recovery phase o f 
geom agnetic storm s, th e  inner edge o f th e  proteon ring current decays just w ith in  
the plasmapause in a manner consistent w ith  expectations for a m oderate ion 
cyclotron in s tab ility  th a t does not y ie ld  strong d iffus ion .
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